To research the influence of wind farm based on doubly-fed induction generator on transient out-of-step characteristics of power grid. The single-machine infinite-bus model of wind-thermal-bundled system and a dynamic model of doubly fed wind farm are built by PSD-BPA software. The influence of proportion of wind connected, reactive power compensation, integration position and different fault point on transient out-of-step of power grid as well as the variations of thermal power angle and the action time of splitting device are investigated and compared. The conclusion is as follows: the proportion of wind connected and converters capacity are larger, wind farms have reactive power compensation, the better the transient out-of-step for wind-thermal-bundled sending system is restrained when the integration position of wind farms are in sending system.
Introduction
In terms of the European wind power, because the wind farm is small and distributed into the distribution system the interaction between the wind farm and the synchronous generator is very weak. The influence of wind farm on transient out-of-step of power grid is almost not involved. At present, the development mode of wind power in China is large-scale centralized development, high voltage and long distance transmission. There may be a strong interaction when the electrical distance between the wind farm and the electrical power unit in the power system is very small, which have a great effect on transient stability after failure. Even cause the system to step out of the system. Therefore, it is necessary to study the influence of wind farm on transient out-of-step [1, 2] .
At present, there are a lot of researches about the influence of wind power integration on the stability of the system. The equivalent model of the constant speed induction generator is established, and the critical clearance time of the constant speed asynchronous wind turbine generator is defined in the literature [3, 4, 5] . The dynamic model of the double fed wind farm was established and the characteristics of were analyzed in the literature [6, 7, 8, 9] . The transient stability of wind farm with different generator sets was analyzed and compared in the literature [10, 11, 12] . However, the existing literature is to study the influence of wind power integration on the stability of power grid, researching on doubly fed wind farm integration is very little. In this paper the single-machine infinite-bus model of wind-thermal-bundled system and a dynamic model of doubly fed wind farm are built by PSD-BPA software. The influence of proportion of wind connected, reactive power compensation, integration position and different fault point on transient out-of-step of power grid as well as the variations of thermal power angle and the action time of splitting device are investigated and compared.
The Model of Doubly-Fed Induction Generator
The model of doubly fed wind power generator consists of four parts: the model of the electric control part, the model of the generator and the converter, the model of the original motivation and its control system, as shown in Figure 1 . The electrical control part is able to output reactive power control signal to the generator and through the voltage feedback control signal. According to the control system, the generator and converter model can inject active power and reactive power into the power grid. The mechanical part adopts double rotor mass model in the original motivation model and calculating the speed according to the mechanical power and wind power generator power output from the electromagnetic model. The prime mover control system reflects the control of the mechanical parts, including pitch control, low speed and high wind speed removal function.
The stator voltage vector of the doubly fed machine is q axis in dq coordinate system. When the state variable is the stator flux(ψds, ψqs)and rotor current (idr, iqr), the state equations is expressed as Eq. 1 [13 
Form in, P is differential operator; l'= (lr-lm 2 / ls), l''=lm/ls, ls, lr, l are the self inductance and mutual inductance of stator and rotor; rs is stator resistance; rr is rotor resistance; ω1is synchronous speed; ωs is rotational speed difference; uqs is stator voltage; uqr is the excitation voltage cross component, udr is the excitation voltage axis component.
The rotor current is replaced by the stator and rotor flux and the stator flux is neglected. 
(2) Form in, l2= lm 2 -lslr; uqr*, udr* is the new control quantity after introducing feed forward compensation [14, 15] .
Analysis of the Impact of Wind Farm on Transient Stability of Power System
Transmission System of Wind-Thermal-Bundled System
The single-machine infinite-bus model of wind-thermal-bundled system and a dynamic model of doubly fed wind farm are built by PSD-BPA software as shown in figure 2. In Figure 2 , thermal power capacity is 300MW and through 220KV transformer access to the power grid. General excitation, speed control and other conventional control are used in the thermal power unit. 6 wind farms with a capacity of 30MW access to the power grid through the unit and the step-up transformer. Each wind farm is composed of 20 wind turbines and the wind turbine is a GE doubly fed machine. The wind farm and the power plant are connected in parallel to the bus 1. The end system is a single machine infinite bus system.
Analysis of the Influence of Doubly Fed Generators Integration on the Transient Stability of the System
The influence of wind power integration on power transient stability is many aspects. The effect of wind integration on the transient stability of the system is analyzed from the two aspects of fast recovery characteristics and electromechanical decoupling characteristics.
The power angle of the thermal power unit is changed slowly under the action of the inertia time constant TJ when the system is in fault. But to the double fed wind turbine, as shown in Eq. 2, the rotor flux of ψqr and ψdr will change quickly in a very short period of time when disturbed. When the regulation of an axial is obvious, it can lead to the power angle mutation under the action of DQ decoupling control. That is the fast recovery characteristics of power angle of doubly fed induction generator.
By Eq. 2 shows that the double fed induction wind machine excitation winding of flux ψdr of d axis and flux ψqr of q axis respectively independent control by udr* and uqr*. To control the amount of udr* and uqr* can determine the total excitation winding flux direction because the d and q axis components are independently controllable. And the decoupling control between the mechanical quantity and the electric quantity of the doubly fed machine is completed. That is, there is no correlation between the direction of the excitation magnetic potential and the axis of the doubly fed machine, the change of the electric potential speed and the change of the speed of the doubly fed machine. The mechanical angle of the rotor of the double fed machine is decoupled from the system frequency. The electromechanical decoupling of the mechanical inertia of the grid and the doubly fed induction generator is realized.
For these two characteristics, the simulation of the system is as follows: 0s line 1-2 near the bus 1 side occurred a single phase transient fault, the fault duration is 0.1s. The system stability of the bus 11 accessed doubly fed generator and equal capacity thermal power units is simulated and compared. The simulation results are shown in Figure 3 From Figure 3 , it is shown that when the bus 11 is connected with doubly fed generator, the wind integration voltage is obviously higher than that of the thermal power unit. Figure 4 shows that when the bus 11 is connected with the thermal power unit, the power angle of the power plant is unstable. And the power angle of the power plant is gradually stabilized when the access to the doubly fed generator unit is connected. This is because of the relative thermal power unit, the doubly fed generator is connected to the grid through the power electronic devices, which has the characteristics of fast power angle variation and electromechanical decoupling, and wind power has no inertia. In this case, when the transmission channel failure occurs, the wind turbine does not contribute to the system transient energy. So the more wind power in the wind-thermal-bundled system, the better the stability of the system.
Example Analysis
System power angle instability can be caused when a serious fault occurs, which leads to the transient out-of-step of the system. Splitting device is installed in the transmission line as shown in Figure 2 of the 1-2. Under different boundary conditions, the influence of the doubly fed generator unit on the system transient state is determined by the action time of the solution column and the time of the power angle first swing of the thermal power unit.
The Influence of the Proportion of Wind Connected on the Transient
Wind power and thermal power have different unit types. The wind proportion of sending system of wind-thermal-bundled system will affect the stability of the power system. Setting the following fault in Figure 2 system: 0s line 1-2 near the bus 1 side occurred a three phase short circuit fault, the fault duration is 0.1s. The effects of wind proportion on the system stability are simulated and analyzed, and the simulation results are shown in Figure 5 and 6. shows that with the increase of wind power integration, the action of transmission channel splitting device continued to slow and the speed of the first swing of thermal power unit power angle becomes more slowly, which consistent with the analysis results. So we can get the conclusion that the proportion of wind connected is larger, the better the transient out-of-step for wind-thermal-bundled sending system is restrained.
Reactive Power Compensation of Wind Farm
In accordance with the requirements of wind integration, it need to install dynamic reactive power compensation device. SVC as the representative of the reactive power compensation equipment are widely used for its support to power grid voltage, improve system stability and other aspects of the advantages. The method to adjust the pressure of SVC is constant voltage compensation. The model of which is composed of regulator, TCR thyristor valve group, high impedance transformer and capacitor group. The total capacity of the capacitor is fixedly connected with the power grid, and the total capacity of is divided into n group of small units in SVC operation. The group number and the control angle of the small compensation unit are determined according to the requirement of system reactive power balance. In this way, the SVC of TCR type can be used to control the number of inputs to coarse adjustment and control of the angle of fine adjustment. Then SVC achieves a stable and fast continuous inductive and capacitive compensation, of which control process is flexible and the compensation effect is ideal.
In order to study the effect of reactive power compensation on the transient out of step of power grid, the simulation of the system is carried out from 2 cases of wind turbine generator with SVC or no. The simulation results are shown in figure 7~10 . The simulation results show that the operation time of delivery channel splitting device of wind turbine generator with SVC is significantly slowed in the same proportion. The time of the first swing for thermal power unit power angle is more slowly. This is because when the system failure, the reactive power directly or indirectly reduces and the integration voltage rapid decline, which leads to the unbalanced energy produced by the system, so that the wind turbine rotor is accelerating, and the reactive power of the generator is continuously rising, which is further pulled down the integration voltage. This is not conducive to the stability of the system. When the SVC access in system, it can provide more reactive power support to the power grid, which is conducive to the safe and stable operation of the system, and refrain the transient out of step.
Different Position of Wind Integration
To research the influence of the position of wind integration on power grid transient, the simulation is as follows: 0s line 1-2 near the bus 1 side occurred a single phase transient fault. The effects of wind farm access to the sending system and the receiving system on transient out of step are simulated an analyzed, the specific results are as follows: Figure 11 shows the splitting device operation time of wind integration in the sending and receiving system with different wind proportion. It can be known that when the grid connected position is in the receiving end, the action time of the solution column device is obviously slow, that is, the stability is better. Taking the 4 wind farms as an example to further analysis, the time of first swing of first swing of power angle for thermal power unit is slower when the position of wind integration at the receiving system than the sending system, as shown in Figure 12 . The reason is that the integration voltage is higher when the wind power connected to the receiving end than the send end, as shown in Figure 13 . And then the impact of the system unbalance energy is small, which leads to the time of first swing for the power angle of the thermal power unit is reduced, and the stability is better.
Different Capacity of Converter
DFIG are run at rated power state in the simulation study of the first three. But when the wind speed is low, the unit is often lower than the rated power operation in the actual power system, which is often appear because of the random fluctuation of wind power output.
Compared with the rated power operation, the converter will have greater capacity margin when DFIG run in low power. And converter capacity is often the bottleneck of various control functions of the wind turbine. Study on the effect of different capacity margin of the converter on the transient out of step.
The wind-thermal-bundled system is connected with 6 wind farms. One kind is that each wind farm is connected to 20 units with a capacity of 1.5MW, which the converter margin of each unit is smaller. Remember as way 1. The other is that each wind farm is connected to 40 units with a capacity of 1.5MW. Assume that the 40 units on the wind farm output. In this way, the converter margin of each unit is larger. Remember as way 2. Three phase short circuit fault causes the system to transient out of step, and external delivery channel solution column device action. The influence of converter margin on transient out of step is simulated and analyzed. The results are as follows. From Figure 14 , we can see that the time of first swing for power angle of way 2 is slower than the way 1 about 2s. The reason is that compared with way 1, wind turbine converter capacity margin of way 2 is larger, which can provide more reactive power for the power system, improve the system voltage and then reduce the rising rate of accelerating power. As shown in Figure 15 and 16. The swing time of generator power angle is put off. And improve the transient stability of the system. 
Summary
In this paper, the single-machine infinite-bus model of wind-thermal-bundled system is built by PSD-BPA software. The following conclusions can be obtained by simulation: the proportion of wind connected and converters capacity are larger, wind farms have reactive power compensation, the better the transient out-of-step for wind-thermal-bundled sending system is restrained when the integration position of wind farms are in sending system. In addition, grid structure, wind turbine operation mode and so on may also affect Characteristics of power grid transient out of step, which is still need to carry out further research combined with the actual power grid.
